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(57 'ABSTRACT

In the pulsed FM system, the input signal is first modu-
lated into the pulse FM signal. Thereafter, this pulse
FM signal is modulated into the pulsed FM signal by
the frequency divider. This pulsed FM system is suit-

able to CATY.

9 Claims, 6 Drawing Sheets
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OPTICAL SIGNAL TRANSMISSION SYSTEM
INCLUDING PULSED FM
MODULATOR/DEMODULATOR

This application is a continuation-in-part of applica-
tion Ser. No. 06/831,864, filed on Feb. 24, 1986, now
abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to an optical
signal transmission system, and more particularly to an
optical signal transmission system employing a novel
circuit in a pulsed frequency modulation system.

2. Description of the Prior Art

In short-haul television transmission for subscribing
systems and cable television systems (referred to as
“CATVs”), a light source is directly intensity-
modulated in response to an input signal in order to
easily transmit analog information such as an image
(picture) or speech through an optical signal transmis-
sion line such as optical fiber cables. In such transmis-
sion systems, however, modulation distortion occurs
due to poor linearity of the light source itself, resulting
in a degradation of transmission quality. To achieve
high-quality signal transmission with a relatively simple
scheme, the following system is expected. An analog
signal is pre-modulated by an electronic circuit into a
pulse signal. Light from the light source is then intensi-
ty-modulated in response to this pulse modulated signal.
Such modulation systems have been proposed in the
form of PWM (pulse width modulation system), PDM

(pulse duration modulation system), PFM (pulse fre-

quency modulation system) and pulsed frequency mod-
ulation system. Among these systems, the pulsed FM
system is preferred for increasing utilization efficiency
of the transmission frequency band. This system has
many advantages in that multiple transmission can be
easily performed, S/N (signal-to-noise) ratio is im-
proved, and offset DC components can be eliminated by
AC coupling means in the reception side.

In principle, in the pulsed FM system, the FM-
modulated analog signal is processed in a predetermined
way to obtain a pulsed FM signal. This pulsed FM
system differs from the PFM (pulse frequency modula-
tion system) in that pulse width as well as pulse fre-
quency are changed in response to the level of the ana-

log signal to be transmitted. Although a modulator

capable of a large frequency shift must be employed in
order to obtain a pulsed FM signal, it is conventionally
difficult to easily produce such a modulator. A voltage-
controlled multivibrator (VCM) may be considered as
one means for obtaining a pulsed FM signal. In general,
when input voltage is set relatively low, the voltage-
controlled multivibrator is subjected to a degradation of
linearity in voltage-frequency characteristics due to the
non-linearity of the transistors constituting this multivi-
brator. As a result, modulation distortion occurs and the
modulation factor (Af/f0) is insufficiently high. Since it
is also difficult to regulate the voltage-frequency and
capacitance characteristics in this case, the number of
components must be necessarily increased. Accord-
ingly, indispensable requirements, i.e., simplification of
transmission systems, to subscribing systems and
CATYVs cannot be satisfied. |
Furthermore, since the pulsed FM signal does not
include baseband signal components, it precludes the
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use of a simple demodulator in the reception side. For
example, basic spectral components of the pulsed FM
signal are extracted by a band-pass filter and are demod-
ulated by an analog signal processing method. This type
of analog signal processing is normally employed by
normal FM radio receivers as such a modulation system
using a phase locked loop (PLL). When a pulsed FM
signal with a large frequency shift is demodulated by
the analog FM demodulator, the number of circuit ele-
ments must be necessarily increased in order to improve
the linearity of the frequency-voltage conversion char-
acteristics. -

On the other hand, when noises (e.g., sinusoidal
noises) correlated with the time, but not with random
noises, are mixed in the receiver unit, a pulse phase or
position of a pulse having a predetermined width is
changed in proportion to a differential of applied corre-

- lated noises as a function of time. A change in pulse
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position results in variations in output from a low-pass
filter. In particular, the time-correlated noises mixed in
the receiver unit are known as modal noises when a
laser diode is used as a light source in the receiver unit
and a multi-mode type fiber is used. |

It-is therefore an object of the present invention to
provide an optical signal transmission system which
overcomes problems of the nonlinearity, noise and cir-
cuit arrangement limitations of the conventional optical
transmission system. |

Another object of the present invention is to provide
an optical signal transmission system which highly im-
proves modulation distortions.

A still further object of the present invention is to
provide an optical signal transmission system which
produces a high quality pulsed FM signal with a simpie
ciruit arrangement.

SUMMARY OF THE INVENTION

These objects of the invention can be accomplished
by providing an optical signal transmission system com-
prising:

‘means for modulating an input signal to produce a

pulse frequency modulated transmission signal;

means for frequency-dividing the pulse frequency
modulated transmission signal to produce a pulsed fre-
quency modulated transmission signal;

first converting means for converting the pulsed fre-
quency modulated transmission signal into a corre-
sponding optical signal; |

means for transmitting the optical signal derived from
the first converting means;

second converting. means for converting the optical
signal received from the first converting means via the
transmitting means into a pulsed frequency modulated
reception signal;

third converting means for converting the pulsed
frequency modulated reception signal into a pulse fre-
quency modulated reception signal; and

means for demodulating the pulse frequency modu-
lated reception signal to produce a reception signal
corresponding to the input signal.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of these and other objects
of the present invention, reference is made to the fol-
lowing detailed description of the invention to be read
in conjunction with the following drawings, in which:
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FIG. 1 is a schematic block diagram of an optical

signal transmission system according to a preferred
embodiment the invention; |

FIG. 2 is a functional block diagram of the internal
circuit of the pulse frequency modulator 10 shown in

FIG. 1;

FIG. 3 is a typical circuit diagram of the frequency
divider shown in FIG. 1; |

FIG. 4 shows, a waveform chart of the signals pro-
duced in circuit shown in FIG. 1;

FIG. 5 is a typical circuit diagram of the pulsed

FM/pulse FM converter 80 shown in FIG. 1;

FIG. 6 is a typical circuit diagram of the pulse fre-
quency 70 shown 1 FIG. 1;

FIG. 7 is a practical circuit diagram of the pulsed
FM/pulse FM converter 80 shown in FIG. 1;

FIG. 8 is a circuit diagram of one n-staged frequency
divider. |

FI1G. 9 is a circuit diagram of one n-staged frequency
divider.
- FIG. 10 is a circuit diagram of another single-staged
frequency divider; and

FIG. 11 is a circuit diagram of a practical frequency
divider.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

ARRANGEMENT OF OPTICAL
TRANSMISSION SYSTEM

Referring to FIG. 1 there is shown a functional block
diagram of an optical signal transmission system 100
according to a preferred embodiment of the invention.
Optical signal transmission system 100 mainly includes a
transmitter unit 40, an optical fiber cable 50 and a re-
ceiver unit 60. Transmitter unit 40 is optically coupled
via optical fiber cable 50 to receiver unit 60. The optical
fiber cable uses a multi-mode fiber or a single-mode

fiber.
Transmitter unit 40 includes a pulse frequency modu-

lator (PFM modulator) 10 for PFM-modulating a trans-

mission signal “St” as an input signal, a frequency di-
vider 20 for frequency-dividing a PFM-modulated sig-
nal “Ptp” from modulator 10 at a predetermined fre-
quency division ratio, and an electronic/optical con-
verter 30 for converting a pulsed frequency modulated
signal “Ptf”’ from divider 20 to an optical pulse signal,
thereby transmitting the resultant transmission signal to
optical fiber cable 50.

Receiver unit 60 coupled to transmitter unit 40
through optical fiber cable 50 includes an optical/elec-
tronic converter 90 for converting a received optical
pulse signal (corresponding to the above transmission
signal) to an electrical signal in order to obtain a rectan-
gular pulse signal, a pulsed FM/pulse FM converter 80
for converting the pulsed FM signal “Prf” to a pulse
frequency modulated signal, and a pulse frequency de-
modulator 70 for demodulating the resultant PFM sig-
nal as an original transmission signal or reception signal
iisr!!.

PRODUCTION OF PULSED FM SIGNAL

Referring now to pulse frequency modulator 10 as
shown in FIG. 2 and frequency divider 20 as shown in
FIG. 3 in combination with a waveform chart as shown
in FIG. 4, production of pulsed FM signals, according
to the invention, will be described in detail.

A circuit arrangement of modulator 10 is shown in
FIG. 2. Analog signals such as video and audio, and
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4

data signals are supplied, as transmission signal “St”
(FIG. 4), as discrete signals, or as a frequency-divided
multiplexed signal, to integrator 12. Integrator 12 gen-
erates a sawtooth wave with a ramp corresponding to a
voltage level of the input signal. In this case, the time
required for charging an internal capacitor (not shown
in detail) in integrator 12 to a predetermined level is
proportional to the input voltage. An output signal from
integrator 12 is compared in comparator 14 with refer-
ence voltage Vref. The time required for inverting the
output voltage from comparator 14 to “1” level 1s pro-
portional to the level of the input signal. A binary signal
from comparator 14 is processed in mono-multivibrator
15 to have a predetermined pulse width, thus producing
the pulse FM signal “Ptp” shown in FIG. 4. It can be
seen that the pulse frequency of the pulse FM signal
“Ptp” is changed but its pulse width remains constant.
The pulse FM signal “Ptp” is fed back to integrator 12,
functioning as a reset signal thereto.

Divider 20 includes, for example, D-type flip-flop 22,
as shown in FIG. 3. The pulse FM signal “Ptp” from
modulator 10 is supplied to the clock terminal CK of
flip-flop 22. Data terminal D of flip-flop 22 is intercon-
nected to output terminal Q. Therefore, the output from
frequency divider 20 is derived as the pulsed FM signal
“Ptf” at output terminal Q of flip-flop 22 (see FIG. 4).

As is apparent from FIG. 4, in frequency divider 20,
flip-flop 22 is enabled at the leading edge portion of the
supplied pulse FM signal. A frequency division ratio of
divider 20 is set to be 3.

In the present invention, the transmission signal “St”
obtained by properly processing video or audio signals
is first pulse FM modulated, and the resultant pulse FM
signal “Ptp” is frequency-divided to produce a high-
quality pulsed FM signal “Ptf’. Thus, according to the
present invention the pulsed FM signal “Ptf’ is easily
produced in the simple circuit arrangement described
above.

The resultant pulsed FM signal “Ptf” is then con-
verted by electronic/optical converter 30 into an opti-
cal signal (not shown, but analogous to the pulsed FM
signal “Ptf’). The optical signal is subsequently trans-
mitted to receiver unit 60 through optical fiber cable 30.
The electronic/optical converter comprises a laser
diode for emitting a laser beam corresponding to the
pulsed FM signal Ptf.

REPRODUCTION OF PULSED FM SIGNAL

The optical pulsed FM signal transmitted through
optical fiber cable 50 undergoes considerable transmis-
sion distortions and adverse effects from noises. The
transmitted optical signal is received by receiver unit 60
and converted by optical/electronic converter 90 to a
pulsed FM signal “Prf’. The pulsed FM signal “Prf” is
supplied to pulsed FM/pulse FM converter 80 (shown
in FIG. §). In this converter 80, the received pulsed FM
signal “Prf’ and a delayed pulsed FM signal “Drf”
(shown 1m FIG. 4), obtained by delaying the pulsed FM
signal “Prf’ in a delay circuit 82 for a predetermined
time Td, are compared in an exclusive OR circuit 84.
An output from exclusive OR circuit 84 serves as a
pulse FM signal “Prp’” with the pulse width shown in
FIG. 4, that is, as the converted pulsed FM signal.

The pulse FM signal “Prp” is demodulated in pulse
frequency demodulator 70. Demodulator 70 includes a
mono-multivibrator 72, limiting pulse amplifier 73 and a
low-pass filter 74, as shown in FIG. 6. The pulse FM
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signal “Prp” from converter 80 is subjected by mono-
mulitivibrator 72 to pulse width regulation. Only the
baseband components of the pulse FM signal with a
predetermined pulse width are extracted by low-pass
filter 74, thus obtaining original transmission signal or
reception signal “Sr”. | |
According to the above embodiment, firstly the pulse
frequency modulated signal is obtained before produc-
tion of the pulsed FM signal. The pulse FM signal can
be demodulated under the improved linearity by inte-
grator 12 and comparator 14. In addition, when a time
constant of integrator 12 is set arbitrarily, a variable
frequency width is easily increased. Therefore, the
pulsed FM signal produced by the system of this em-
bodiment is a signal with the improved linearity and a
high degree of demodulation. It should be noted that, in

accordance with the invention, only a frequency di-

vider is used to derive the pulsed FM signal from the
pulse FM signal, thus avoiding complex circuitry.

On the receiver unit 60, the received pulsed fre-
quency modulated signal is not demodulated directly
but demodulated after the reception signal is converted
into the pulse FM signal. Since the baseband compo-
nents excluded from the pulsed FM signal are included
in the pulse FM signal, the baseband components can be

filtered through the low-pass filter to achieve demodu-

lation. Therefore, the circuit arrangement can be fur-
ther simplified by employing such a demodulation man-
ner. Since limiting pulse amplifier 73 follows mono-mul-
tivibrator 72, the pulse FM signal is amplifier by limit-
ing pulse amplifier 73 with the amplitude components
being limited. That is, the signal components of the
pulse FM signal which correspond to a high level are
amplified with its upper level being limited at a prede-
termined level and the signal components which corre-
spond to a low level are amplified with its lower level
being limited at a predetermined level. Accordingly, the
amplitude components included in noise are not ampli-
fied by a large level, while the signal components can be
effectively amplified. As a result, after the pulse FM
signal amplified is passed through low pass filter 74, it
need not be largely ampiified by the analog amplifier
following the filter 74, when its level is matched to the
level of video signal, e.g., 1 Vpp. Thus, the noise com-
ponents based on the analog amplifier are reduced,
resulting in an improved S/N ratio.

PRACTICAL CIRCUIT OF PULSED FM/PULSE
FM CONVERTER

A practical circuit of pulsed FM/pulse FM converter
80 will be described with reference to FIG. 7.

In practice, a comparator 85 is arranged between
optical/electronic converter 90 and converter 80. As
seen from FIG. 7, since its arrangement and operation
are well known, a detailed description thereof will be
omitted. Model ECL F100107 available from Fairchild
Inc. is employed as exclusive OR circuit 84, and its
typical pin numbers 16, 17 and 18 are shown in FIG. 7.

MODIFICATIONS OF FREQUENCY DIVIDER

Frequency divider 20 shown in FIG. 3 is single stage
D-type flip-flop 22. However, according to the present
invention, the number of frequency division stages may
be determined arbitrarily. For example, as shown in
FIG. 8, n D-type flip-flops 24A, 24B, . . . 24n can be
arranged to frequency-divide the pulse FM signal “Ptp”
at a ratio of 1/(n+41).
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6

Alternatively, as shown in FIG. 9, frequenby divider

20 may be constituted by n J-K flip-flops 26A, 26B, . .

. 20n.
Furthermore, one-stage J-K flip-flop 28, shown 1mn

FIG. 10, may be used in place of one-stage D-type
flip-flop 22 of FIG. 3.

In the embodiment shown in FIG. 3, model ECL
F100131 available from Fairchild Inc. is used as fre-
quency divider 20, as shown in FIG. 11. Typical pin
numbers 13 to 16 are written in the same manner as in
FIG. 7.

According to the present invention as described
above, the frequency division ratio of frequency divider
20 can be set arbitrarily. For example, when a frequency
division ratio of 4 (i.e., a one-stage flip-flop) is em-
ployed, the center frequency and frequency deviation
of the input pulse FM signal is known to be improved as
compared with other frequency dividers, e.g., $ and }
dividers. |

In general, the pulse frequency modulator has a wider
variable frequency range and improved linearity within
this variable range, and is substantially free from modu-
lation distortion. As compared with a conventional
arrangement employing a voltage-controlled multivi-
brator, a pulse FM signal with a high degree of modula-
tion can be obtained. According to the present inven-

‘tion, since the pulsed FM signal can be obtained by

simply frequency-dividing the pulse FM signal into a
predetermined number of stages, the resuitant pulsed
FM signal has high quality. The pulse frequency modu-
lator and the frequency divider can be constituted by
very simple circuits, which eliminates the need of a
complicated transmitter unit configuration.

Since the pulsed FM signal is first converted to the |
pulse FM signal by the receiver unit, demodulation can
be performed simply by filtering the baseband compo-
nents included in the pulse FM signal through the low-
pass filter. Therefore, the arrangement of the receiver
unit ca also be simplified.

Thus, the transmitter and receiver units are simpli-
fied, and high-quality pulsed FM signals with high fre-
quency band-utilization efficiency can be transmitted.

According to the present invention, the pulsed FM
signal is converted by the delay detection circuit (in-
cluding the delay and exclusive OR circuits) into the
pulse FM signal. The pulse train of the pulse FM signal
is alternately generated as a pair at the leading and
trailing edge portions of the pulsed FM signal. When
noises (e.g., sinusoidal noises) correlated with the time
but not with random noise, are applied to the receiver
unit, the pair of pulse FM pulses are shifted in opposite
directions, and the influence of the noises does not ap-
pear at the output of the low-pass filter.

Even if the baseband components are included in the
pulsed FM signals in the transmitter unit, the baseband
components do not influence the demodulated output.

What is claimed is:

1. An optical signal transmission system comprising:

means for frequency-modulating an input signal to

produce a pulse frequency-modulated (FM) trans-
mission signal;

means for frequency-dividing the pulse frequency-

modulated transmission signal to produce a pulsed

- {requency-modulated (PFM) transmission signal;
first converting means, conneécted to said frequency-
dividing means and including a laser means for
~emitting a laser light, for converting the pulsed
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frequency-modulated
into a corresponding laser light signal;
second converting means for converting the laser
- light signal output from said first converting
means, into a pulsed frequency-modulated (PFM)
reception signal;
transmission means, connected between said first and
second converting means and including a multi-
mode fiber means, for transmitting the laser light
signal from said first converting means to said sec-
ond converting means;
third converting means, connected to said second
converting means and including delay detection
means, for converting the pulsed frequency-
modulated (PFM) reception signal into a pulse
frequency-modulated (FM) reception signal,
‘thereby decreasing a modal noise; and
means for demodulating the pulse frequency-
modulated (FM) reception signal to produce a
reception signal corresponding to the input signal;
including
a mono-multivibrator for receiving said pulse fre-
quency-modulated reception signal from said third
converting means to output a pulse FM signal with
a constant pulse width; a limiting pulse amplifier
connected to said mono-multivibrator for amplify-
ing the pulse FM signal with amplitude thereof
being limited; and a low pass filter series connected
to said limiting pulse amplifier for filtering base-
~ band components contained in said pulse FM signal
sO as to derive said reception signal.
2. A system as claimed in claim 1, wherein said modu-
lating means 18 a pulse frequency modulator.
3. A system as claimed in claim 2, wherein said pulse
frequency modulator includes:

transmission (PFM) signal
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8 |

an integrator for producing a sawtooth wave signal
whose gradient is proportional to a level of said
input signal;

a comparator for comparing the sawtooth wave sig-
nal with a reference voltage so as to derive a digi-
tized signal; and

a mono-multivibrator for shaping the digitized signal
to produce said pulse frequency-modulated trans-
mission signal.

4. A system as claimed in claim 1, wherein said fre-
quency dividing means is a single-staged D type flip-
flop.

5. A system as claimed in claim 1, wherein said fre-
quency dividing means is a plurality of cascade-con-
nected D type flip-flops.

6. A system as claimed in claim 1, wherein said fre-
quency dividing means is a plurality of cascade-con-
nected J-K type flip-flops.

7. A system as claimed in claim 1, wherein said fre-
quency dividing means is a single-staged J-K type flip-
flop. -
8. A system as claimed in claim 1, wherein said third
converting means includes:

an exclusive OR circuit having first and second input
terminals; and

a delay circuit connected to said first input terminal
of the exclusive OR circuit, for delaying said
pulsed frequency-modulated reception signal,
whereby the delayed pulsed frequency-modulated
reception signal supplied to said first input terminal
and the pulsed frequency-modulated reception
signal directly supplied to said second input termi-
nal are exclusive-ORed by said exclusive OR cir-
cuit so as to derive said pulse frequency-modulated
reception signal.

9. A system as claimed in claim 1, wherein said trans-

mitting means is an optical fiber cable.
x % *_ x *x
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